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ABSTRACT

\‘rhls report describes the development and implementation of a computer
algorithm, based on the shallow-~fluid equations of oceanography, for calculating
v the wind field above complex terrain. The algorithm contains a two-dimensional
shallow-fluid model in the form of a fully-documented computer program compatible
with a UNIVAC 1108 machlne.\ To guide the selection of initialization procedures
and the optimum finite-differencing scheme applicable to numerical solutions of the
algorithm, a detailed study was made of the analytical solution of the shallow-fluid
equations for one-~dimensional flows over an isolated ridge. The selected optimum
finite-differencing procedure is a Lax-Wendroff scheme using nine grid points and

two time levels in combination with a nine-point low-pass filter, \\

-

A comprehensive computational program, using an isolated symmetrical

mountain, was carried out to provide guidelines as to the nature of two-dimensional

solutions of the shallow-fluid equations for the wide variety of initial conditions
encountered in the atmosphere. The model was initialized by impulsively accelerat-
ing the fluid to a constant velocity everywhere and, after ﬁ while, the flow near the
mountain approaches a steady state, The results showed that the flow patterns '
could be divided into four major categories: Subcritical without hydraulic jumps;
supercritical without upstream waves; critical with hydraulic jumps and wind-
direction reversals; critical with hydraulic jumps but without wind-direction rever-
sals. For the subcritical and supercritical flows, initialization procedures do not
appear to pose a problem. For the critical flows, care must be taken in the selec-
tion of initialization procedures.

/ v
Comparisons of calculated wind field patterns with recent detailed observa-
tions of wind circulations above complex terrain show excellent qualitative agree-

ment in the limited éuea available for analysis. Additionally, the computer _
K algorithm for the two-dimensional model, when applied to the terrain at White —




> Sands Missile Range, gave results that were consistent with limited observations
available for two example situations.

The computer program containing the two-dimensional shallow-fluid mode!
is written in FORTRAN V language and is fully documented in the four appendices @
to the report. The documentation includes user's instructions, a complets program
listing, detailed flow diagrams, and a completely worked example pmblem.*r

j it
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APPENDIX A

USER INSTRUCTIONS FOR THE ASL/WSMR WIND FIELD TERRAIN
ADJUSTMENT MODEL COMPUTER PROGRAM

The ASL/WSMR Wind Field Terrain Adjustment Program is designed to
adjust the wind speed and direction field to the terrain heights at each coordinate

intersection over a reference grid system.

The computer program is written in the FORTRAN V language and is
designed for use on a UNIVAC 1108 computer. The program requires 313901 0 words
of core storage including system and FORTRAN library routines. The computer
program has the optional capauility of printing the adjusted wind speed and direction
fields and surface layer heights at specified time intervals. In addition, the wind
fields and layer height information may be written on magnetic tape for subsequent
graphical processing. The program uses FORTRAN Logical Tape 5 (Card Reader)
and Leogical Tape 6 (Printer) for standard input/output. The program also uses
Logical Tape 1 as a file for optional output. The computer program construction
is described in Section A. 1 and user instructions are given in Sections A.2, A.3 and
A.4. An example problem is given in Section A. 6 and a program listing is shown in

Appendix B.
A.l COMPUTER PROGRAM CONSTRUCT

The Wind Field Terrain Adjustment Model Program consists of six sub-
routines including the main driver program MODEL. Program MODEL determines
the number of problem cases to be executed in a single computer run and determines
the core allocation of variable program arrays for each problem. The computer
program uses object time-dimensioning techniques to accommodate different grid
system sizes. The grid system is assumed to be the first quadrant of a Cartesian
coordinate system with the positive y-axis oriented north and the positive x-axis
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oriented east. The total size of the grid system matrix is limited by the
equation:
N = 7*IDIM*JDIM+2*IDIM+2*JDIM

The parameter IDIM is the maximum size of the x dimension and JDIM is the
maximum slz§ of the y dimension of the grid system matrix. The parameter N is
the DIMENSION'd size of a large array Q in MODEL containing all program variable
arrays that depend on the grid system matrix. The parameter N is currently set to
18000, but it can be set to any value in order to accommodate the program to com-
puter core storage limitations.

» The first subroutine, Subroutine JACK, is the main calculation routine.
This subroutine inputs the model data, determines the program options desired,
sets the initial wind field conditions and then enters a time loop through the shallow-
water model equations discussed in Section 4 of the main body of the report. The
computer program uses a second-order central space and forward time differencing
scheme to evaluate Equations (4-14) through (4-21). The wind speed and direction or
the u and v components of the wind speed, as well as the surface layer heights, are
printed and/or written to tape at selected points in the time loop. When the time
loop is completed, the program stops or loops to the next problem in sequence.

The remaining subroutines are utility support programs for Subroutine
JACK, Subroutine MISC determines the area of uniform grid spacing within the
grid system and returns the indices of this area for tape output. Subroutine UVDIR
converts the u and v components of the wind speed to wind speed and direction for
printing. Subroutine MOUTNR inputs the terrain data into a specified area of the
grid system. The program fills any remaining area of the grid with height values
caloulated from the minimum height and the height at the edge of the input area as
a function of distance. Subroutine OUTPT is the tape output routine and uses the
UNIVAC NTRAN routines.
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A-loglc diagram of the computer program is given 'n Section A. 8 and
detailed flow charts of the computer program are given in Appendix D.

A.2 PROGRAM INPUT PARAMETERS

The data input pafameters required for the computer program are listed

in Table A-1. The information categories in the table are defined as follows:

CARD GROUP
SEQUENCE
NUMBER

NAMELIST

FORTRAN

MODEL

UNITS
LIMITS

VALUE

ARRAY SIZE
CARD COLUMNS

FORMAT

Order of input of the three card groups.

Name of the FORTRAN NAMELIST list to which the input
parameters belong (Card Group 2 only).

FORTRAN symbolic notation defining the program input.
Mathematical notation correspondirg to the FORTRAN
notation.

Dimensional units of the input parameters.

Numerical limits on input parameters.

Default value substituted if the present value is zero (Card
Group 2 only).

Maximum number of core locations reserved for the parameter.
Data card punch field,

FORTRAN input format.
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A.3 DATA INPUT METHOD

This computer program uses formatted as well as namelist input state-
ments. The parameters using a formatted read statement are self explained in
Table A-1. The namelist input data must be in a specific form in order to be read
using a NAMELIST list. 'l"he first character in éach card to be read must be blank.
The first card in the namelist list contains the namelist name preceded by the
character $. The last card in each namelist list contains $END to terminate the

list. The form of the remaining data items in the list may be:

a. Variable Name = Constant - The variable name may be a sub-
scripted array name or a single variable name. Subscripts must be integer con-

stants. The constant may be integer or real. .

b.  Array Name = Set of Conmstante (Separated by Commas) - The array

name is not subscripted. The get of conatante consists of constants of the type

real or integer, The number of constants must be less than or equal to the array
size. Successive occurrences of the same constant can be represented in the form

k* constant.

The sequence of the input data parameters within the list is not significant.
A more detailed explanation of the FORTRAN NAMELIST can be found in any Fortran
Language Manual. The input parameters within the namelist that have default values
in Table A-1 are initialized to zero prior to input of the first case. Parameters
that are not used or have default values need not appear in the namelist liat. When

multiple cases are stacked, all parameters retain their values from the previous

case and are changed only by input,




‘ A.4 EXPLANATION OF PROGRAM INPUTS
The program input parameters are arranged into four card groups.
A.4.1 Card Gpoup Number 1

This card group contains information specifying the number of

cages to be executed and the size of program storage arrays.

ND - Number of times to loop through the entire program reading a new set
of values for NP, IDIM and JDIM on each loop.

NP - Number of times to loop through the main calculation routine using
constant values of IDIM and JDIM and reading Card Group 2*(also Card

Group 3 if requested) on each loop.

Maximum number of grid coordinates in the x direction for all cases

within the NP loop.

IDIM

JDIM - Maximum number of grid coordinates in the y direction for all cases
N within the NP loop.

m e

(IDIM and JDIM are used to determine the size of program storage
arrays at execution time. See Table A-1 for the limits on these

parameters. )

S O

A.4.2 Card Group Number 2

This data card group contains most of the program input data.
The data parameters in this group are read using the Fortran Namelist QLST1 to
simplify program input and reduce the number of input cards for similar cases

stacked in sequence. Table A-1 gives default values for applicable parameters in

PR, Sk e sk b, TR A, e




this card group. Also, all parameters in this card group retain the value set by the

previous case unless changed by input.

LL

Number of grid coordinates in the x direction for the present case.

JL

Number of grid coordinates in the y direction for the present case.

X - Array containirig the coordinates of the x-axis of the grid system in

ascending order,

Y - Array containing the coordinates of the y-axis of the grid system in 4

ascending order. See Table A-1 for default values for x and y.

ISKIP

Program option control flag. All ISKIP options are assumed initially

Zero.

a. If ISKIP(1) is set to 1, the calculated wind field and layer height

values are printed at each time given in the array PRINT below.

b. I ISKIP(2) is set to 1, the wind field and layer height arrays are

output to tape at each time given in the array PRINT. If ISKIP(1)
] and ISKIP(2) are both zero, then ISKIP(2) is set to 1.

E c. If ISKIP(3) is set to 1, the terrain height matrix is output to tape
(ISKIP(2) must equal 1 also).

d. If ISKIP(4) is set to zero, the program assumes ULT and VLT
below are input as the initial u and v components of the wind speed
and the adjusted u and v componenta are printed in the wind field

output print file.

If ISKIP(4) is set to 1, the program assumes ULT and VLT are
input as the initial u and v components of the wind speed and the
adjusted wind speed and direction are printed in the wind field

' output print file,




| I ISKIP(4) is set to 2, ULT and VLT are assumed to be the
initial wind speed and direction and the adjusted u and v com-
ponents of the wind speed are printed in the wind field output print
file.

If ISKIP({) is set to 3, ULT and VLT are assumed to be the inftial
! wind speed and direction and the adjusted wind speed and direction N
are printed in the wind field output print file.

e. If ISKIP(5) is set to 0, the terrain height matrix is input in Card
Group Number 3.

If ISKIP(5) is set to 1, the terrain height matrix used in the last !

executed case is used in the present case.

-

ABLK - Minimum layer depth. If the layer depth is found to be less than ABLK
in any iteration, the layer depth is then set to ABLK, A value of 50

meters is assumed if zero is input.

PRINT Array containing the iterative time step value in minutes at which the
4
]' wind field and layer height values are to be printed and/or output to
tape. Values are arranged in ascending order.

ULT -~ The initial u component of the wind speed if ISKIP(4) is set to 0 or 1.
The initial mean wind speed if ISKIP(4) is set to 2 or 3.

VLT - The initfal v component of the wind speed if ISKIP(4) is set to 0 or 1.
The initial direction if ISKIP(4) is set to 2 or 3.

PLT - The initial surface layer height.

A-10




; DTLMDA - Stability factor used in calculating the time step DT. This value should
be as close to 1 as possible. The program assumes a general value of
0. 95 if zero is input. Program instability is indicated by a program
message IFLAG ERROR. When this occurs, either the value of
DTLMDA or NCNT must be reduced.

p 0
Gl - Reduced gravity factor, where Gl = g(l - bl) o~ g( - -O—Q)
0 1
the acceleration of gravity

< 09
I

the potential temperature at the top of the surface layer

D
"

the potential temperature at the bottom of the surface layer

. = respective layer densities

The program assumes a value of 0.1 for Gl if zero is input,

ISMOTH - The number of time steps between the application of a nine-point filter

to the adjusted values of the wind field. A value of 10 is assumed if zero
is input. If no smoothing is desired, set ISMOTH to a large value, say,
10, 000,

NCNT - The number of time steps between the recalculation of the time step

time increment DT. A value of 2 is assumed if zero is input.

R

TUNIT - The Fortran logical output unit for tape output. The program uses

NTRAN I/0 with unit 0 an illegal unit. Thc program assumes unit 1 if

i

zero is input. If more than one reel of output is executed, a second reel

must be assigned to IUNIT + 1. See Section A. 7 for the output tape format.
A. 4.3 Card Group No, 3

This card group contains the terrain heights and the starting and
v ending indices that define the area of storage of the terrain heights within the grid
‘ system. The terrain heights outside of the input areaaare calculated from the




minimum lieight and the height on the edge of the input terrain. The starting and
ending indices of the x and y axes are input first, followed by the terrain heights.
IST - Starting index of the terrain height matrix in the x direction.

IND - Ending index of the terrain height matrix in the x direction.

JST -~ Starting index of the terrain height matrix in the y direction.

JND - Ending index of the terrain height matrix in the y direction.

HG - The matrix of terrain heights input by the following Fortran statements:

DO 10 J = JST, JND
10 READ (5, 2000) (HG(l, J), I=IST, IND)
2000 FORMAT (14X, 10F6, 1)

A.5 SUBROUTINE LINKAGE FOR THE COMPUTER PROGRAM

The logical linkage for the computer program subroutines is shown in
Figure A-1. Each connector represents a communication link between the

3 subroutines.
A.6 EXAMPLE COMPUTER PROGRAM

This section explains the input data example shown in Figure A-2. The
example consists of a problem with WSMR terrain elevation data. The example
data shown here is a computer listing of the data, The data are stored in & program

file as an element of the file,

The first card image shown is a system (@MAP, I) card starting in column
one. This card is used to direct the system to link the program subroutines and
form an absolute program deck. The second card image @XQT directs the system
to load and execute the program using the data that follow.

A-12




FIGURE A-1. Diagram of linkage between subroutines of the computer program.
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The first data card shows a 1 in column two. This value (ND) is the number
of times the entire program is to be executed reading a new set of dimension para-
meters on each pass. The second data card sets NP to 1 and IDIM and JDIM both
equal to 41. The parameter NP represents the number of times the program is to
be executed using IDIM and JDIM set to 41. All following cards beginning with
$QLST1 are repeated NP times. The third data card begins the namelist QLST1.
The parameter ISKIP indicates:

(1) The adjusted wind field and layer heights are printed at each time
given in the array PRINT

(2) The adjusted wind field and layer heights are output to tape

(3) The terrain heights are output to tape .

(4) ULT and VLT are input as vector components and mean wind

speed and direction are printed in the output listing

(5) The terrain height data will be input following the namelist
QLST1.

The remaining parameters in QLST1 indicate that output is to take place at 180 and
300 seconds iteration time and the u and v components of the wind speed are set to
7 meters per second. Also, the initial surface layer is 2800 meters high and filter-
ing is to be done on each fifth time step and the output unit is Unit 1. Several para-

meters from QLST1 do not appear in the data because default values are provided.

The parameters and values are:

LL=41; JL = 41; X = UTM coordinates of terrain (see Table A-1);
Y = UTM coordinates of terrain (see Table A-1); ABLK = 50 meters;

DTLMDA = 0,95; G1 = 0,1; NCNT = 2,
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The namelist is then ended with a $END card. The next card gives the starting and
ending indices of the x and y axes, respectively, which define the area of storage
for the terrain heights that follow. The terrain heights begin in Column 15 of the

card and are read using the statements shown in Section A.4. 3.

The above example problem executed in 302 seconds on the UNIVAC 1108
computer at the University of Utah. The computer output listing for the sample
problem is shown in Appendix C.

A.7 OUTPUT TAPE FORMAT

The output tape produced by the program is a binary (odd parity) tape. The
data are recorded in integer binary and floating point binary (real) form. The tape
(tapes) is in multiple file form where each file represents the output from a single

case. The records of each file are arranged as follows:
RECORD 1:

Word 1 - Number of times the arrays UL (u component), VL (v component)
and PL (layer height) occur within the file (integer).

Word 2 - Flag where if set to 1 indicates record 4 contains the terrain
height data HG. If set to zero, then record 4 contains the first occur-

rence of UL (integer).

Word 3 - IDIM or the I dimension of the arrays UL, VL, PL and HG
(integer).

Word 4 - JDIM or the J dimension of the arrays UL, VL, PL and HG
(integer).
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} Word 5 - LL or the number of values in the x axis in record 2 (integer).
Word 6 - JL or the number of values in the y axis in record 3 (integer).
Word 7 - IST or the starting index on the x axis of uniform grid spacing

(integer).

Word 8 - IND or the ending index on the x axis of uniform grid spacing

(integer).

Word 9 - JST or the starting index on the y axis of uniform grid spacing

(integer). §

Word i0 - JND or the ending index on the y axis of uniform grid spacing

(integer).

RECORD 2: LL words consisting of the x axis in ascending order (real).
- RECORD 3: JL words consisting of the y axis in ascending order (real).

RECORD 4: If Word 2 of Record 1 is set to 1, then Record 4 contains IDIM*JDIM
words of terrain height data. The data are arranged as if the following

. statement were used to write it:

((HG (1, J), I=1, IDIM)J=1,JDIM) - HG is a real variable.

RECORD 5: The u component of the wind speed (rcal). These data are arranged

as if they were written by the following statement:

(UL, (1,d,2),1=1, IDIM), J=1, JDIM)

RECORD 6: The v component of the wind speed (real).

(VL(1,J,2), I=1, IDIM), J=1, JDIM)

RECORD 7: The height of the surface layer (real).

(PL(1,J,2), I=1,1DIM), J=1, JDIM)
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Records 5, 6 and 7 are repeated (4, 5 and 6 if word 2 of Record 1 is 0) the number of
times indicated in Word 1 of Record 1. If more than one reel of output is written, an
end-of-file is placed at the end of the first reel. This file mark will appear within
the affected file and will indicate a switching of reels is necessary on input. (The

’ program will rarely require more than one reel of 2400 foot tape, even with several
stacked cases.) The program prints the contents of each output tape file at the end

of each case loop.
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APPENDIX B
COMPUTER PROGRAM LISTING

Appendix B coutains a complete listing of the computer program. The pro-
gram is written in the FORTRAN V language and has been run on a UNIVAC 1108

computer.
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APPENDIX C
COMPUTER PROGRAM EXAMPLE PROBLEM OUTPUT LISTING

The computer program output listing as shown here has several pages of
output omitted because of the volume of the listing. Only important sections have

been retained.

The first page of output gives all of the program initial input data except
for the x and y axes and terrain heights. I’ages C-3 through C-18 (computer listing
pages 25 to 40) give the initial wind field, layer height and terrain values up to a J
index of 16. This part of the listing was included by setting ISKIP(1) equal to 1.
Also, by setting ISKIP(4) = 1, the program has printed the wind speed and direction
rather than the u and v components. Pages C-19 through C-34 (computer listing
pages 66 to 81) show a printout of the 79th time step at 3 hours up to a J index of
16. The listing was produced by setting ISKIP(1) equal to 1. This part of the liat-
ing gives the x and y coordinates, the wind speed and direction, the layer height
and the vorticity, where vorticity is a measure of the rotation of the wind in units
of sec-l. Pages C-35 through C-50 (computer listing pages 107 through 122) print-
out of the 1318t time step at § hours up to a J index of 16. This part of the listing .
has the same form as that given above for time step 79. This part of the listing
also represents the final solution as the greatest time value input was 5 hours.
Page C-61 (computer listing page 148) gives a summary of the contents of the out-
put tape requested. The summary shows that output from two time steps (79 and
131) was desired and that both were written to tape. The listing then prints the
time step and number of model seconds. The listing then shows the maximum index

values of each output array and then gives the indices of the grid area of uniform

spacing. Alao, the summary shows the terrain height data were written to tape and
the output tape was unit 1.
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APPENDIX D
COMPUTER PROGRAM FLOW DIAGRAM

Appendix D contains detailed flow diagrams of the ASL/WSMR Wind Field

Terrain Adjustment Program.




‘1
o
:
- e ol :
'
|

0.l PROGRAN MSDRR,
|
Thie pregras reads the object time dimension linite end calculates the relative addresses of the progras srrays
that depond on grid sise sud psases the sddresses to the mais calculation routise JACK.

START
| READ ¥D l (Input the musbar of times to
snecute entire program)

D§ 20 sl ND I

(Input the aumber of times to
READ NP, 1DIN,JDIN execute the program using the
x and y dimensions IDINX and JOIN)
Jil « IDINSJDIN s
J12 = Jl1e2
J1 = J12¢1 (Cslculate the stsrcing locations
32 = JiN12 of the variable program arrays
J4 = J2W12 within the arrsy Q)
J5 = Jeedld
16 = J5¢IDIN
37 = JG+IDIN
J8 « J7+JDIM
CALL JACK(Q,Q(J1),Q(J2),Q(J4),Q(33),Q(36),Q(17), (Pass the arrey sterting
Q(J8),Q,Q2¢(J4),Q,Q(31),Q(32) locations to progren
JACK)
20 CINKUOE
18
jl Iele+l F———i 12m
1
YES

0.2 SUBROUTTIR JACK (UL , VL ,P1,, NG, DELXT ,DKPT DELYJ, DYPJ ,CONTP , NOQ,NQ, V1A, PLA)

This is the main ssleulation routine. Subroutine JACK inpute the msjority of the pregram contvel and wedel
parsmetizs. The pregren impute the tervein vis subroutine NIUTHR, calculstes and sote initiel cenditions and then
onters the time leop that eslouletes the cong of the vind epeed and the curface layer haights. At the ond

of ssch time lecp, the pregran chechs to deteraine if printing or t.pe cutput of the vind field ts desiced for the
precent £ine step. Vhen the tins loop hase been cempleted, the pregram loops to the next problen in sequente §f present.




e

R N

!
4
i

Wornim s o ye

Jw
UL(L,J,K)

VL(1,3,K)
PL(1,3,R)
ULT

VLt

PLT

X

Y

PRINT

IsT

Jst
IND,JND
NCNT
DTLMDA

15M9TH
Gl

1sx1P
IUNIT

ABLK
xrs
YPS
ss
IRRCC
T
sToP
1TAC)
m
1FLAG

ISAVE
. T8AVE

L MUt P

)

3

P30GRAM VARIASLES

Array costaining the iu of [X(1+1) - X(1-1)] to mininise divisions in the time loop.
Azrasy containing the imverse of [Y(Jﬂ) - Y(.l-l)] to mininize divigjons in the time loop.
Arzay contajaing the f{nverse of [x(lﬂ) - l(l)] to aininize divisions in the time loop.
Array containing the taverse of [Y(J+1) - Y(J)] to minimize divisions in the time loop.
Time increment for ths cime loop.

Totsl time in seconds of the timc loop.

Array containing the terrsin heights.

Nusber of grid pointe in the y-axis.

Nuaber of grid points in the x-sxis.

LL-1

JL-1

ULQ(I+(J-1)*IDIM+ (K-1)*IDINSIDIN) - The u component of the wind speed times the layer depth vhere X = 2 iu
tha present time step and K = 1 s the past time step.

VLQ(I4(J-1)*1DIM*(K-1)*IDIN*JDIN) - The v component of the wind speed times the lsyer depth.
PLQ(1+(J-1)*IDIM+ (K-1)*IDIN*JDIN) - The surface layer depch.

The initial u component of the wind speed or the mean wind spesd depending on ISKIP(4).

The initisl v component of the viad gpaed or the direction depending on ISKIP(4).

The initial height of the surface layer.

Array containtng the x-axis of the reference coordinate syscem,

Arrey containing the y-axis of the reference coordinste systena.

Arrsy containing the time in minutes st which the vwind field and layer heights are to be :ntput vithin the
time loop. Values sre in ascending order and the maximum {s used as the stop value.

Index of the first point in the x array st which uniforw grid spacing occurs slong the x-sxis. This value
and IND, JST, and JND below sre output to tape for use in plotting the area of uniform grid spacing.

Index of the first point in the y array at which uniform grid spacing occurs along the y axis.
The ending indices in the x snd y aArvays at which uniform grid spacing stops.
Number of iterative time steps between the recalculation of the time step increment OT.

Stability factor for cslculating the time step DT and msincain DT at a critical value. This value should
be aa close to | as possible and stil]l maintain program stability, Values of 0.90 to 0.95 generally
saintein stabilicy.

Number of time steps betwsen the applications of s nine point emcothing function.

Reduced gravity factor equal to g{1-S) where g is the acceleration of gravity (9.8 -Ioz) and S is the ratio
of ths potential temperature at tha top of the layer over the potentis) tempevratura at the bottom of the
layer.,

Program control options. Refer to tha user instructions or the progran listing for details.

The Fortran logical taps unit for program tape output. If more than one reel fs written, a | is sdded to
IUNIT and & resl s assumed mounted on the next unit. A second reel will be required only Il many time
steps or many problems are being output. Refer to the user Instructions or the program listing for the
tape format.

The minimun sllowable layer depth.

Array containing the x axis of the scandard WSMR grid in UTM (kilometers) coordinates.
Array containing the y axis of the standard WSMR grid in UTM (kilometers) coordinates..
Constant used in the nine point smoothing function,

Wusber of groups of UL, Vi end PL output to tape in sny one problem rum.

Array coatalning record one of each file output to tape.

Time of the last time step to process.

Tlag used to check 1if probles has tape output.

Counter for the PRINT srray.

Program stability flag vhere 1f st to greater tham sere the prodlem ia stopped and the program goes to
the aext case.

Time step oumber at which tape output occurs.
Time st which taps output sccurs.

Othetr progrem veriables are weed for temporary sterage end iandexing.




$Q21 = 0.70720678 (Progren ‘cosstants)
$8 = 0.3 _ Lo
v‘!_ . »
oI - 2 (Dinensidnsl patametera used for
IPIDIN « IDINGIDIN indexing through the arrays ULQ,
1JDIN « 1DIN®JDIM viq, PLQ and 2GQ)
IJEDIR = 1JDINSKDIN

D8 1000 NPSP=l NP l (Znecute pregran XP tluess)

=]

QLST!

READ
Semelist containtng Li, JL,X,Y, ISKIP ABLK, PRINT,ULY VLY,
PLY DTLIDA,G1 , ISHPTH  NCNT , TUMIT

1s
ISKIP(4) < 2
?

(Convert from vind speed ond
direction to vector u and v

components)

VLT = VLT+180.0
ULB ® ULT*SIN(VLT*RAD)
VLB = ULTACHS(VLTORAD)
ULt = yis

s = vis

(Provide dofault velues for input paramatsrs not set.)

JES LLeIDIN

JLeJpIn




ISKIP(2)=1

NCNT=2

Bm s

(Deternine the mmber of values in the array PNINT,)

IHNT(I)'ll

of 20 1=1,19 l

) . [ vovrar) « mrciyn |
: | } . <

{
D-5
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[

¢
-
-
v
-
-

J13 = MUT(L)
STOP = PRINT(ILI)

7

(Provida default values for rhe = and y arvays (f mot set.)

YeS

LL = 41
LM = LL-)
JL e LL
JIN = JL-)

DO 60 1st,LL l

x(1 XPS(1)*1.0x)
Ygl; : "s:‘;.:':’ (Comvert te meters)

60 CONTINUE

———

(Dateruine coovdinate indices of the ares of waifern grid spacing vithin the grid.)

[ ean msc(ist, o,z 0 |

| eat mscssr, 7,30, 000 |

(lngut the terraia hatghts.)

'“.

NOVTIR(NS,
n.K,7

D-6
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e v
(1aitialiss output tape if requested.)

.
N9

WUT(2) = ISKIP(3)

wiuT(3) = IDIM

WUT(6) = JDIN
ITAGY = 1

|
L 1UNITeL

i
 (Cleér Untt)
CALL NTRAN(IUNIT,22)

l {Output record 1 of this file)
Ji2 = 10
CALL GUTPT(IUWIT,JI2,MIUT,N0GH)

(Record 4, terraia array)

en M(mr;.fubm.m.ﬂ)J

D-7




BNl » At 1)
APtL) » AP 1) N

~~0!

L

(Y BT PR - .

L-!m . Dwsh-rm—J
e

ERAL(L) © | &/ (albed)-0ll-1))
WPLL) « V. Wiatint)all))

>

W) o L)) |
TR

D-8




| |
[ B

DELYI(T) = 1.0/(Y(J+1)-¥Y(2-1))
DYPI(I) = 1.0/ (X(I+1)-Y(I))

200 CONTINUE
i
‘ 1s
@—_———m 123
?
YES

1

(Calculate the initisl time increment DT.)

XMIN = 1.0ES
' IMAX © -1,0ES

‘

| 2 ~
PKR = 1.0/PLQ(L)
CHX = SQRT((ULQ(I)*PKR)*#*2+(VLQ(L) *PKR)**2)+SURT(C1*PLQ(1))

‘ YES XMAX=CHK

220 cﬂmw;L
|

- » 1s
R I=14) 1 2 1IDINM
?

YES

R PR,

Dé 240 Is],LLM

CHK » X(I+1)-X(1)




DT=pr*5Q21

(Output the Laitial dngut petenaters fres the Neselist QLSTL.)

: (Output cthe fnitial vind field, layer haight and tervein dets.)

| L

(Inttialize comstants for time loop.)

Nt - 0
T =0

; A9 = DIDTH.S
62 = 0,5%!
In2 =0

IBL2«LJDIN

DI = 1-1ML2

IDIMN = -1-1BL2
M0
Neo

(Start time loop.)

(Time step counter)

(Retnitial thing counter)

1M=0

{Counter for recalculstisg DT)




]

e -0
A = ~1.083

(hscaleulate DT, time step imcrement.)

e |

®e = 1.0/MQ(1)
CUK o SQRT((ULQ(1)*PKR) 424 (VLQ(1)APKR)#42)+SQRT(GI4PLQ(1))

420 cTnE)

,__, |
1

Rl 12 :3»1! :
YES

I

Lm o UTLMDA®MIN/XMAX l

=

(Accumulate ¢ime.)

(Solution unstable)

(Evaluste UL, VL end PL at sach grid coordinate for this time step.)

D-11




{

stare parameteve that ave CORStaAt
for the J dimension.

JPL2 = JAIDINFLGLIIL2
12 e JP12-IPIDIM
J12 = JP)2-1DIM
J13 = LIDUNNJ12

DELY « DELYJ(J)
DYP * DYPI(J)
oYM = DYPI(J-1)

JPI2 = JPI2¢1
12 & Mi2eL
J12 = Ji2el
Ji3 » JiD0}

UL(1,J,1) 1s equivaleat to
VIQ(J12) end
UL(I,J,2) = ULQQILD)
UL(I42,J,1) = ULQ(J12%1)
UL{1,2+1,)) = ULQ(JP12)

(The following equations do not teflect the form of the medel equations
due to alterstions for calculation efficiency. Parts of the squatioms
have besn saparsted to eliminate redundant calculations and divietons,
wultiplications snd acray indexiang have deen staimized.)

VLB = ULQ(SI2)
VLB = VLQ(JI2)
UIXP = ULQ{J1241)
VLEP = VLQ(312¢1)
PLXP « PLQ(J12¢1)
ULXN = 1Q(J12-1)
VLXN @ VLQ(J12-1)
LM = PLQ(S12-1)
WYP = NQ(IPI2)
VLYP = VIQ(JP12)
PLYP = PLQ(JP)2)
ULYN » ULQ(ML2)
Vime = viQ(Mm12)
nm = na(m2)
VIXYP = ULQ(IP12¢1)
VLXYP = VLQ(JPL2+1)
PLXYP « PLQ(IPI2#L)

D-12




] wxn = VLQ(ni2-1) \

VXYM = VLQ(IM12-1)
PLXYM * PLQ(IML2-1)
. VLOP = VLQ(JPLI2-))
VLOP » VLQ(IPI2-1)
PLINYP = PLQ(IPI2-1)

. ULXPYN = ULQ(IMI2+])
VIXPYM = VIQ(M12e1)
PLXPYM = PLQ(INL2¢1)

PLBL = 1.0/PLB

PLXP[ = §i.0/PLXP

. PLXML « 1.0/PLIX
PLYPL = 1.0/PLYP
PLYNI = 1.0/PLYM
PLXYPL = 1.0/PLXYP
PLAYMI = },0/PLXYH
PXMYPL = 1.0/PLXMYP
PXPYMI = ).0/PLXPYM

A9 = WGQ(J12-1BL2)
A4d = HGQLIPL12-18L2)
A79 = HCQ(JMI2-1BL2)
i A2}« MGQ(J)241JDINP)
A75 « HCQ(JP1241LIDINP)
A76 = HCQ(IM)I2+1JIDINP)
A7? = HGQ(IF12¢1JD1¥)
. A78 = HGQ(JL2+1JDIMM)
: ABO = HGQ(JML2+TJDIMN)

Al = 2,0%DELXI(I)
A2 o 2.0%DELY
Al0 = ULXPOPLXPL
Al2 = ULXP*ALO i
All = ULB*PLBL ~ E
Al4 = ULDB#ALL
A3 = PLXPSPLXP
Al6 = PLBSPLB
A56 = 0, 5%DELY
A4G = ULXYP*PLXYPL
Al? @ A4OOVLXYP
AS1 = ULXPYMAPXPYMI
AL8 = ASIAVLXPYM
ALY = ULYPAPLYPL
Al9 = AQIAVLYP
A53 = ULYN*PLYMI
A20 = ASIMVLYM

- A6 = A19-A20

i A33 = (PLXP+PLD)#G2

“ A22 = A21-A)9

1‘ (Part of second-order terms common to UL, VL and PL)

¥P = DXPICL)®(C(AL2-A244G27(AI-A26) ) +AIINA22)+A56P (AL 7-A) 8+A6)
- T Equation (4-20) in Section 4, '

A8 = ULXMAPLXMI
A28 « ULXMAAS
A29 = PLXM*PLXM
ALY = ULXMYPAPXMYPL
A0 = ALTAVLXMYP
AS2 = ULXYMAPLXYMI

All = AS2WVLXM
ALD = (PLMHPLXM)*G2

(Pazt of second-order tearms common to UL, VL and PL)

™ o OXPL(2-1)A({A14-A284G2% (A1 6-A29))+A40* (AD9-A78) ) +AS6*
(A6+A30-A30)

® (f7) rquetion (4-20) in Section 4.

ASA = 0.5%DELXIC1)
AMA © ALOSVLXP

. A33 = ABSVLIM

A23 = AJG-ADS

A? = VLYPAPLYPL
AJ6 = VLYPOA?

AS © VLE*PLM]

. AD7 = AASOVLE

AX8 o PLYPOPLYP
ASS o C2(PLYPOPLD)

(Pazt of second-order terws commen to UL, Vi and PL)

GP = ASAR(AL17-AJ0FA2S)4DYP* ((AJ6-A3T4G20(AI8-AL16) 4GS
(M3-A39))

.
) ) ) = (') Equatfon (4-21) tn Section 4,




ASD = YLOIPLIML
Ab]l = VLONOASO

M2 o PLOISPLYN
A23 = G20(PLIVPLYND)

(Pere of d-order tors to UL, VL end PL)
GM @ ASAN(A25+A18-AI1 )HDYHO ((AI7-AL14G24 (AL 6-AL2) ) +A2)*
(A)9-479)) = (3~) Equation (4-21) in Saction +.
ASS = AS4PASL
AS = AL2-A28
ASD = AJ~A2%
AS7 = ASEPASE
A26 = G2epLB
A2&4 = A21-ATS8
(Picat~order term of u component Equation (4-}4))
Bl = DI*(AS58 (ASPG2OASE) MADTSALFALOPAL®A2G)
A7l = VIXYP-VLXTYM
AS59 = VAYP-VYLYM
A = Al4*PLBL
Al3 » (ULXP-ULB)*OXPI(1)+AS6*
(AT1+A59)

(vart of second-order term of u component, Equation (4-17))
BIF » (ALO#ALL)*FPHALI*(A33-0, 50 (AL 2¢PLXPL+AS))
ATl = VRXMYP-VLXYM
Abs = (ULB-ULXM)*DXPL(1-1)*
AS56% (AS94AT2)
(Pact of second-order term of u component, Lquation (4-17))
B21 © (ALL*AB) AMEALAS (A40~0. 5% (A4+ABSAS))

A27 = PLXYPAPLXYP
AS2 = PLXMYP*PLXNYP
A4S = ALIWLD
A3 = ULXYP-ULINP
Ab7 = ULXP-ULXM
ALS « (VLYP-VLB)*DYPEASL® (A7 J4AGY)
(Pert of second-order term of u component, Equattun (4-17))
BIP = 0.50((AT+AAS)* (AS4® (ALGMWLAYP-ALTOULXMYPHASHIG2® (A27-
AG20AS9) ) 4DYPH (AL 9-ALB) *AGSPASAS (AT 5-AT 74A24) )+ (A4S
ALL)ACP- (AL 9*PLYPL#ALS*PLBI)*ALS)
A6l = PLXPYNOPLXPYH =
A6) = PLXYMOPLXYM
Ab4 = ALE*PLY]
AT4 & UVLEPYN-ULXYTM
A32 = DYM® (VLB-VLYM)+AS4®
(A6T+A24)
(Part of second-order term of u cowponent, Lquation (4-17))

B3N = 0.5%((AG5+A30) *(A542 (ASPAS) *ULXPYH-AS20ULXYMAG 2% (ASS+
ABL=-AG3) ) SDYH® (AGB-A20)+A2IADL* (A24+AT6-AB0) ) *(AL 1 +AS])

SGH- (AG4+*A20°PLYMI) ®A32)

A70 = Ad6-ALL
AGE = A3S-A42
AG9 = AGI-ATY

(Fivet-order term of v compoment, Zquation (4-1%))
Cl © DT*(ASS*A2SAST#(ATONGC2oA68) #A26%A 2%A69
(Pace of second~erder ters of v component, fquation (4-18))

C2P = 0,50 ((VLEPOPLXPL+ALS) PP (ALOFALL) * (DXPL (1) (A34-AN0)+
AS6® (VLXYPAVLIYPAPLXYP ] -VLXPTHOVLXPYNSPXPYNI¢ATOG 24
(A27-A614A68) ) #AII%AS6R (A75-AT6+A69)) ~ (AJA*PLXPL+ARL)

L)
(Part of sscend-erder term of v coupenent, Lquation (4-18))

CBM = 0.50( (ALSHVLIMO*PLIOL ) TN+ (AL 1 4A8) & (DKPL (L -1) *(ALB-AD®
VLIN) A 362 (ATOMWLINYPWLIOYPOPRMYP I -VLIVNOVLXTMAPLXYNI ¢

fz‘(:mu-nl))W'(MN”-MO))-(A“MJS'NM!)
AS6 ® MSARGS
(Paet of sesend-order tern of v conponent, Equation (A-18))
CI = (A7RA3)0CPPAL 38 (A83-0. 32 (ATSATHAGS))
(Part of potond stder teva of v component, Bquation (é-i8))
CI @ (AAS*A0)SOM*A32S (A23~0. 34 (AGOMA30°AS0))
A = AJSOAEIHASTEAYS

D-14




(e veloeity conponest "b!” Equat tom (4~14) 4'
‘ { ‘ VLQ(II) = VLQ(I12)-BI+ASA (ALX(BIP-BIN)HA2* (BIP-83M)vG L SDELXL (1)
AA24%A60)

(v velocity componeat (n‘.’)) Equation (4-19)
VLQ(ILD) = VLIQ(I12)-CL4AI(A18(CIP-CRY+A2H (CIP-L IN) +G L SDELYHAGS*
A6Q)

(Layer height (0‘.’)) Equatton (4-)b)

PQ(ILI) = PLQ(IL2)-DTRAGOPAIN (A1 & (FP-FU)*A2S (GF-GX))

- -
a

500 CUNTINUE

PR

[T S

'
(Set up the boundary conditions by setting the outermost rovs
ond columns squal) to the specond to outermost rows and columns)

e

UL(L,J ,RDIN) = UL(2,J,KDIN)
VL(1,J,KDIN) « VL(2,J,KDIN)
PL(),JXDIN) « PL(2,J,KDIN)
ULCLL,J KDIN) = UL(LLNM,J KDIN)
VL(LL,J KDIN) = VL(LLX,J,KDIN)
PLLL,J,KDIN) « PL(LLN,J,KDIN)

[EEO PR

s40 opere

D# 560 I=1,LL

UL(1,1,KDIN) = UL(1,2,KDIN)
VL(L, 1, KDIN) « “(‘.2.““)
PL(L,1,0DIN) = PL(L,2,KDIN)
VLI JL,KDIN) = UL(1, 31N, KDIN)
VL(L,JL,KDIN) = VLY Jin,KDIN)
PLCL,IL,KDIN) « PL(1,JUN,KDIN)

r.w




(Push pareasters dows tiss steck !..x... smoething s called for.)

1$
YRS~ Isu « 18WgTH

H
[l

pé 580 1le1,1J0IM

(Docs tarrain penetrate layerl?)

13 YEY
PLQ(I+1JDIN) < ABLK PLQ( 141 IDIN"ABLK
,

ULQ(L) = ULQ(I+1JIDIN)
vVLQ(1) = VLQUI+1JDIM)
PLQ(1) = PLQ(I+1JOIN)

(1s problem unstable?)

18
QL) > 20000 DES LFLAGeN
?

soowrwe]

15\

|
J

- (Use 9-polnt smeothing functiom.) ﬁ

Bl = Q.5#55%(1.0-5S)
Cl = S5#55%0.25

DP 620 1=2,LIN

UL(L,J,KDIN=1) = UL(R, I, KDTM)+B1& (R (141,] KDIM)CUL(1-1 ,J ,KDIN) ¢
UL(L,J4L KDIM)PUL(L 3= ,KDIN) -4 . OMAL (L, J KDIN) ) ¢CL LWL (2-2,J-1,
KDLOML(1-1,341 , KDIN)SUL (T41 , J=1 KDEMJHUL (141, J41  KDIN) -4 .0
uL(t,3,K0M0))
VL(E I, KDIN=1) = VL(1,J,0KIN)4BIA(VL(1+4),J,KDIW)ONL{1-1,],KDIN)*
V(L J41 RDIM)OVL{L,2-1 , KDIN) -4, 00VL (1,3, KDIN) J4CI & (VL (-1 ,3-1, .
| EOLM)HVL(L-1,J-1 RDIN)4VL(14] ,J~1 , KDIM)SVL (141 , 341 ,KDIN) -4. 00 L
(1,2, KDIN)

D-16




3 k PL(L,J,KDIN-1) = PL(I,J,KDIN)+BL®(PL(141,J,KDIN)+PL(1-1,J KDL)+ ‘
B i PL(ILJ+1, KDDM)SBL (1, -1, KDIN) -, 09PL (1,3 KDIM))+CL 4 (PL(1-1,J-1, ]
KDIM)+PL(1-1,J41 KDIM)*PL(1+] -1 ,KDIN)+PL (141, J¢1 KDIN)-4 .0
PL(I,J,KDIN))
1
. PL(I,J,KDIN-1) < ABLK PL(E, S KDIN-1)=ABLK l
?
LS YES —
PL(I,J,KDIN-1) > 20000 IFLAG®N
?
i
Ng
620 CONTINUE
ELULLELH SR
(
.
| T N
J) A | -
l Jedet L
J SR iy

{Apply boundary conditicns to emoothed valuas.)

DI 640 Jel JL

-4

UL(1,J,KDIM-1) = UL(2,J,KDIM-1)
VL(1,J,KDIM-1) = VL(2,J,KDIM-1)
PL(1,J,KDIM-1) = PL(2,J,XDIM-1)
UL(LL,J,KDIM-1) = UL(LLM,J,KDIM-1)
VL(LL,J ,KDIM=1) = VL{LIM,J,FDIM-1)
PL(LL,J,KDIM~1) = PLCLIM. J KDIM-1)

By PN

W

640 CONTINUE

4’

’ LB

' D# 660 Ie},iL

e }

CL(1,1,KDIN-1) = UL(1,2,KDIN-1)
VL(L,§,KDIM=1) « VL(T,2,KDIN-})
PL(1,1,KDIN-1) = PAL(1,2,KDIN-1)
; UL(1,JL,KDIN-1) = UL(1,JLM,KDIN-1)
VL(R,JL,KDIN-1) = VL(I,JLN,KDIN-1)
PL(1,JL,KDIN-1) = PL(L,ILM,KDIN-1) 1 ’ *
v
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I SR T3

i
) ——— {r 0
| — |
1 l'l’l
—
L J
(Chack for unsteble suvlution)
1$ .
Inac > 0 DUE
' ?
»

K] (Output wind fleld nd layer heights.)

bl
- WRITE ¥ {
| Mvsesage that solutgon #
< 1s unstable I
d ]
K » 18r8(1)
TINE ~ TIN®,2777777E-)
LINES & 60

Py » 1.0/PL(1,3,1) UL(1,3,2) = V1D

VLS = 0.(1,J,1)*M8 n(1,3,2) » V1.3

VLS = VL(1,,1)%PL0 n(,3,2) » ns

ne =« PL(1,5,1)6(1,)) LINES = LINES#1
T = 0.0

- 1 11
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VLXP & VL(1#},J,3)/PL{142,2,1)
VLXM & VL{1~3,3,3)/PL(1-1,31)
ULYF = ULCE,J¢D,3)/7PL(L,341,1)
VLY = UL(T,J-1,1)/PL(E,3-0,1)
VORT = (VLXP-VLXM)SDELXL(1)«
(ULXP-ULXMN) *DELYI (D)

1:\ .
LINES « 58 LS
?

LINES = &

WRITE Rev heading,
nev page

(Comvert trom vectoy components to
speed and direction)

1s
ISKIP(4) w )
[ LI ]
?

YES

CALL UYDIR{ULB,VLD) ]

NRITE 1,2.%(0),v(J), ULS,
VLB, PLD, VAT

L ]




- o

(Output vind f1dld gnd layer heights to seve tape.)

13AVE(JPR-1) = X
TSAVE(JPR-1) = TIN/60.0

Luu. mn(mxr.unm.um(unum).mq

18
oo o« | TS
t
™)
IARCC » IABCOH)

(Chock for 1sat time step)




Yes

1s
mc; [ B

(Close output tspe file)

Lcm. m(mn.za.s.zz)J

(Write tape output fila conatants)

WRITE MOUT(1),1RECC

WRITE  (1SAVE(L),TSAVE(L),
I=t,IRECG)
tine steps and time

WRITE (MPUT(1),1+3,10)
SR mumber of time stepa, ISKIP(I),
1DIM,JDIM,LL ,JL,IST,

IND, JST, IND

(Ia thie the last or oaly case)

! 1000 CONTINUE
]
i |
. 15 |
E 1
o YES _}

D.3 SUBROUTINE MWPUTNR(NG,LL,JL,X,Y)

( Subroutine MOUTHR reade the terrain data snd the lndices of the terrain data. The indlces IST, IND, JST and
’ - JND of the starting and ending points on the x and y axes are input first. The terrain height data are then input.

Azeas of the grid that do not coatais tervain haight data and sutomatically the firvet (lest) three rows and columne

are filled by the program. These areas are filled vith terrain heights that slope dowva to the minimua height at the
boundary edges. 1

READ IST,1ND,JST,JWD
Terrain hetght indices




! D 40 I=4,LLN

bt |

HG(1,J) = XNIN
HG(1,J+JL-3) = XNIN

40 CONTLMUE

(Slops input terrain ares into the boundary sres)

INi=18T




4
-~

XMl = 1.0/(X(IM1)~-X(IM}))
1L = IMl-1

D@ 50 I=4,IL

e ]
{ otz - (xu)-m))-md

(]
| Wl1,J3) = (m(ml.:)-mm-m:omﬂ

50 CONTINUE
r——-‘ 1s
g kil ponn R
?
YE!

1s
?

P i WL

0 = 1.0/ (X(LL-2)-X(1M3))
IL = LL-}
IS = M+

e |
[ o2 « eur-n-zemu |

| w1, (ue(m.n-m-)mzomu]

!
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. 60 CouTIMIE

’ -—— 1 ———
| | .
. Jajl 32 M4
. et 1
YEs
L
1 18
1=14l 121
—t ?
) YES

XMl = 1.0/(Y(IM2)-¥(3))
L = 1M2-1
IR = LL-3

j o0 10 1|

[ oz = (vn-vmemn |

' m
I

|
[nn(x..n - (HC(L, IN2)~KMIN) X2+ XNIN ]

. 70 CONTIWE
I

Ml e 1.0/{Y(JL-2)-Y(14))
1L = JiL-3
1S = IMA#L

{ m2 = cvor-a)-venemn |

1
[ | . « aas, o0ar-mmemiaemn |
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D.4

SUBROUTINE SUTPT(IUNIT ,NVRD,ARRAY,NIGS)

Subroutine SUTPUT vrites the vind field and layer height {nformation to save tape. This routime uses the

UMIVAC 1108 NTRAM eubroutines for all output.

-
2
(-

k1)

LCALL NTRAN(IUNIT, 1 ,NWRD,ARRAY, ISTS) J

(NWRD words of binsry deta are vritten to tape IUNIT from the srea ARRAY.
The status of the operation is stored in ISTS at the completion of the
operation.)

4

(Loop if operation is not complete to prevent overlap processing)

YES

L)

(Branch if write vas successful)

(Branch if end of tape is datected)




aiaad

(Dyanch §f paxisy ev h'tdun error occurted) }

18
1 €3 JUIES)
T

‘ (Vrite & meusege that an uareceguisable error code has occurred)

(Sachepace ome record and write an end of file vu vuspur Lepe and
tacrament the taps uait designscor IUNIT. The last record iy P
then revrittes on the second tape.)

{ catt semmanczvmsr, 22,7,-1,9.00) |

1

(Backspece to start of record and vetry the write. [f unsuccess-
ful after 5 tries, returan to calling program write error L
condition set.) .

CALL WTRAS(IUNLT,22,7,-1)
ITRY = [TRY+1

Y < 3

(Set unrecoversble error, WiCHel)

B

RETURM

.3 SUBROUTINE MISC(1JST,IN0,XY,LLIL,LLILN)

Sud ine NISC & ines the starting and ending indices on the x or y axis that determines the area withia
the grid over vhich vailorm grid spacing occuss. These parsmeters [JST snd LJWD for both anes are output to the seve
tape for plotting of the grid dependent parameters.

U - 0
5T = 0
KLST = 1.086
o - 1,088

s
MP = xu(1el)-XV(1)
(o suw)
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grester than the sinimum.)

LIND » |

(Has the minimum and [JST been detsrmined?) @

1S
1351 > 0 NES
7

XMIN = DIF
1IST = 0

(Is the sininum equal to the last difference?)

Roms L

(Set starting tadex to lsat mintmum detected.) @

ST = 1-1

0 opTInE
J?T;ITL 12w




D.6

1J5T=)

1IND=LLIL

RETURN

SUSROUTINE UVDIR(X,Y)

Subroutine UVDIR converta the vector componants u and v of the viad speed into the vind speed and direction.

|lll ® 270.0-ATAN2(Y,X)*57,29582 ]

15
DIR > 360.0
9

DIR=VIR-360.0

X = SQRT(X4XeyeY)
Y = DIR

=
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